tionwide cross-sectional survey in the United States found that 7.7% of the general population had experienced a prior episode of anaphylaxis, and that medications, food, and insect stings were the most common causes.
INTRODUCTION
Anaphylaxis is a severe and life-threatening systemic hypersensitivity reaction.
1,2 Some attacks are fatal even if immediate treatment is given and the rates of unexpected late responses and recurrence may be high. An episode of anaphylaxis, the incidence of which has been continuously rising worldwide over the past 20 years, 3 can have a profound effect on the quality of life of the patient and his/her family. Identifying those at higher risk of serious outcomes 4, 5 of anaphylaxis would reduce the socioeconomic burden of the condition. It is important to understand the epidemiology of anaphylaxis both to manage patients and to prevent recurrence. However, estimates of the prevalence and causes of anaphylaxis vary worldwide. 3 A recent na- Drugs were the most common cause of anaphylaxis in patients treated in 2 University hospitals located in the capital area, 7,9 but a Korean hospital located in a coastal region reported that food was the most common cause. 10 No nationwide report has yet investigated the epidemiology of anaphylaxis in either Korean adults or other Asian populations. Therefore, we sought to understand the clinical features of anaphylaxis in Korean adults, and to identify predictors of severity and serious outcomes.
MATERIALS AND METHODS
Data were collected retrospectively on patients aged over 16 years of age who were diagnosed with anaphylaxis between January 2007 and December 2011 in 15 University hospitals covering most major cities of South Korea. According to International Statistical Classification of Diseases, 10th Revision (ICD-10), T78.0 (anaphylactic shock due to adverse food reaction), T78.2 (anaphylactic shock), T80.5 (anaphylactic shock due to serum), T63.4 (insect sting anaphylaxis), and T88.6 (anaphylactic shock due to adverse effect of correct medication) were selected as an anaphylaxis-associated codes. Demographic data including age, gender, smoking status, atopy status, and personal and family histories of allergic diseases, were collected. The causes of anaphylaxis were classified as drugs, radiocontrast media (RCM), exercise, food, insect stings, and idiopathic factors. Laboratory results were examined (when available) in efforts to determine the causes of anaphylaxis. Laboratory data included the levels of serum tryptase, total IgE, specific IgE directed against causative agents or component allergens, skin prick test results, and the results of oral provocation tests. In patients who had been simultaneously exposed to a variety of possible causes, and for whom no laboratory data were available, the causes of anaphylaxis were considered to be unknown.
Clinical manifestations of anaphylaxis were classified into 5 groups: cutaneous, respiratory, cardiovascular, gastrointestinal, and general symptoms. Generalized itching, urticaria, and angioedema were regarded as cutaneous symptoms. Respiratory symptoms were dyspnea, cough, stridor, wheezing, and cyanosis. Cardiovascular symptoms included dizziness, pallor, collapse, diaphoresis, syncope, and hypotension. Gastrointestinal symptoms were nausea, vomiting, diarrhea, and abdominal pain. General symptoms were anxiety, paresthesia, and weakness. All symptoms were documented and investigated.
The severity of anaphylaxis was graded as mild, moderate, or severe, using a previously established grading system for generalized hypersensitivity reactions. 11 Mild reactions were defined by presentation of only cutaneous symptoms. Moderate symptoms were exhibited when respiratory, cardiovascular, or gastrointestinal involvement was apparent; whereas hypotension, hypoxia, loss of consciousness, or confusion was considered to reflect severe anaphylaxis. With respect to treatment, we collected data on the time intervals between exposure to anaphylactic causes and symptom development, and between symptom development and arrival at hospital. We also noted whether a patient had experienced a prior episode of anaphylaxis, and whether he or she had been treated before arrival at the hospital. Such treatment included epinephrine injection, treatment with systemic steroids and bronchodilators, and prescription of an epinephrine auto-injector to prevent re-occurrence of anaphylaxis.
The clinical courses of the patients were categorized by classifying outcomes as serious or non-serious. Serious outcomes were defined by new admission, or prolongation of hospitalization, caused by anaphylaxis. Patients who were discharged within 1 day of urgent treatment in the emergency department (ED), or who did not require hospitalization, were considered to exhibit non-serious outcomes. All data were recorded in case report form and entered into a customized Microsoft Access database by 2 trained research nurses. The study was approved by the Institutional Review Board of each participating hospital.
Statistical analyses were performed using SPSS for Windows version 19.0 (SPSS, Chicago, IL, USA). We used multiple logistic regression analysis to identify predictors of the severity, and serious outcomes, of anaphylaxis. To compare the numbers of anaphylaxis cases/total ED patients yearly, the proportion test using by R 3.0.2 (R Foundation for Statistical Computing, http:// www.R-project.org/) was performed. Statistical significance was considered present when a P value was less than 0.05.
RESULTS

Demographics
During the 5 years of the study period, a total of 1,806 patients were diagnosed with anaphylaxis-related ICD-10 code in a total of 15 University hospitals in South Korea. The number of patients diagnosed countrywide gradually increased every year from 2007 to 2011 in all hospitals. Thus, 244 patients (13.6% of the total) were diagnosed in 2007, and 328 (18.3%), 334 (18.7%), 390 (21.8%), and 493 (27.6%) during the 4 years commencing in 2008. Data on all patients were collected and analyzed.
In addition, we made approximate estimations of the frequencies of anaphylaxis by considering the total numbers of patients visiting outpatient clinics, admitted as inpatients, and visiting EDs, during the study period, using data from 13 of the 15 participating hospitals. The Korean Health Statistics published by the Ministry of Health & Welfare 12 showed that about 15% of patients are under 15 years of age in 2011. Therefore, we assumed that the total numbers of adult patients visiting the study hospitals constituted 85% of all such patients. The rates of anaphylaxis per 100,000 of all and ED adult patients were 10.46 and 47.65 per year, respectively, over the 5-year period (Fig. 1) The mean age of all study subjects was 46.0 years (range, 16-89 years); 47.8% were female and 52.1% male; 29.1% were atopy-positive; 44.6% had a history of allergic disease; and 14.6% had experienced a prior episode of anaphylaxis (Table 1) . Allergic rhinitis (19.1%), food allergy (17.4%), and asthma (10.2%), were common comorbid allergic diseases of patients with anaphylaxis. A family history of any allergic disease was identified 
Clinical features
The most common clinical symptoms of anaphylaxis were cutaneous in nature (84.0%), followed by cardiovascular (55.4%), respiratory (53.9%), general (21.0%), and gastrointestinal (18.5%) symptoms (Table 2) . Of all patients, 76.9% exhibited more than two types of clinical manifestation. Cutaneous 
Causes of anaphylaxis
The causes of anaphylaxis were drugs (46.6%), food (24.2%), insect stings (16.4%), exercise (5.9%), and unknown (7.0%), in order of prevalence (Table 3 ). In terms of drugs, nonsteroidal anti-inflammatory drugs (NSAIDs, 13.3% of all cases), antibiotics (10.5%), and RCM (here considered a drug) (12.0%), were the most common causes of anaphylaxis. As shown in Table 4 , anaphylaxis caused by drugs and exercise, thus not by food, was more prevalent in the moderate and severe anaphylaxis groups (Table 4 ). In addition, all of allergic disease, comorbidities, exposure to RCM, and ingestion of NSAIDs and antibiotics, were useful to discriminate moderate from mild anaphylaxis. To determine the causes of anaphylaxis, a total of 536 patients (31.0%) had been subjected to allergen evaluation, including skin testing, measurement of specific IgE in serum, and provocation testing, after their anaphylactic events. Of these, 415 showed positive responses to immunological or provocation tests after recovery was complete. Fig. 2 shows the proportions of positive responses by causes. Of patients with drug-induced anaphylaxis, 31.6% were positive on oral or bronchial provocation tests (these were usually patients with NSAID-induced anaphylaxis [31.0%]), and 43.6% were positive to penicillins including ampicillin and amoxicillin, and several cephalosporins by skin testing or measurement of serum levels of specific IgE. In cases of food-associated anaphylaxis, the positive response rates on such testing were relatively lower, but wheat-induced anaphylaxis was often identified by detection of serum specific IgE antibodies to wheat, gluten, and/or gliadin; and a positive allergic skin test to wheat flour.
Predictors of serious outcomes
In terms of anaphylaxis treatment, 35.8% of all patients visited outpatient clinics; 44.4% were discharged within 24 hours after urgent management in EDs; and 19.8% were hospitalized in wards (16.4%) and intensive care units (3.4%) to manage and observe their conditions. The mean total treatment period was 9.5 days. About 30% of patients were given epinephrine injections, and epinephrine auto-injectors were prescribed for 7.4% of patients, to prevent secondary anaphylaxis.
Multivariate analysis confirmed that multi-organ involvement (OR 2.313; 95% CI 1.725-3.100, P<0.001), anaphylaxis caused by drugs (2.111; 1.299-3.430, P=0.003), and older age (1.018; 1.008-1.029, P<0.001), were independent predictors of serious outcomes (Table 5) . Interestingly, a past history of allergic disease was a risk factor for development of severe anaphylaxis, but actually reduced the risk of a serious outcome. Of patients with a history of allergic disease, 37.1% had visited clinics near their homes (compared to 22.9% of patients without prior allergic disease, P<0.01), and 3.8% had received epinephrine injections before visiting our study institutions (compared to 2.2% of patients without allergic disease, P=0.121). In other words, a prior history of allergic disease was associated with patient insight into such disease, including anaphylaxis, and the ability of patients to deal with an anaphylactic episode. None of female gender (OR 0.912, P>0.05), exposure to RCM (OR 1.245, P>0.05), consumption of particular food (OR 0.978, P>0.05), exercise (OR 0.712, P>0.05), or being stung by insects (OR 0.674, P> 0.05), was associated with admission to hospital or prolongation of hospital stay, despite the existence of positive associations between these factors and the severity of anaphylaxis.
DISCUSSION
To our knowledge, this is the first nationwide study to investigate the clinical features of adult patients with anaphylaxis not 7, [13] [14] [15] the results are of limited utility, being simply reports on common causes and manifestations. Allergic disease has become a major public health problem in Asia because population densities are high and urbanization and economic development are rapid. 16 Although the present study had several limitations, including the retrospective nature of medical record review, possibly inaccurate diagnostic coding, and inclusion of only patients who visited University hospitals, we suggest that the rates of anaphylaxis among adult patients were close to 10.46 per 100,000 of all hospital visitors (0.010%), and 47.65 per 100,000 ED visitors (0.048%), during 2007-2011. Our present results are consistent with other data on anaphylaxis rates in Asian populations. Yang et al. 7 reported a 0.014% anaphylaxis incidence rate in 2006, in adult and pediatric patients treated at a University hospital in Korea. In a 4-year observational study conducted in the ED of a University hospital in Thailand, the anaphylaxis rate was 49 per 100,000 patient-years during [2004] [2005] [2006] [2007] [2008] . 17 However, this may be compared with the incidence of 49.8 per 100,000 patientyears calculated in a recent retrospective population-based study conducted in Rochester, Minnesota, from 1990 through 2000, 18 and suggests that the anaphylaxis rates in Asian countries remain underestimated. The number of patients diagnosed with anaphylaxis in the hospitals participating in the present study gradually increased every year from 2007 to 2011, as has also been noted in other countries. 19 The anaphylaxis rate in adult patients significantly increased from 7.74 per 100,000 in 2007 to 13.32 per 100,000 in 2011. Therefore, further prospective investigations using common diagnostic criteria defined via nationwide or pan-Asian co-operation are necessary to estimate the exact anaphylaxis rates in Asian populations.
In general, a prior episode of anaphylaxis and/or a mild allergic reaction to a specific trigger can predict a subsequent anaphylactic event. It is well-recognized that epinephrine is the drug of choice for first-aid treatment of anaphylaxis. Of 671 patients whose medical records documented previous allergic reactions, 14 .6% and 11.8% had experienced prior anaphylaxis and mild reactions, respectively, but only 13 had personal epinephrine auto-injectors at the time of the anaphylactic incident studied in the present report. Also, the prescription rate of epinephrine auto-injectors for treatment of any recurrence of anaphylaxis was only 7.0%, as in most other countries, and ownership of an epinephrine auto-injector for first-aid treatment remains out-ofreach for many subjects at risk of anaphylaxis in Korea.
The clinical manifestations of our study population were similar to those noted in previous studies. Mucocutaneous symptoms were the most common, and cardiovascular and respiratory symptoms were noted in more than half of all adult patients. We observed a relatively lower rate of gastrointestinal symptoms (18.5%) compared to what was noted in both a Central European cohort (40%) 20 and in a retrospective study conducted in an Australian hospital (32%). 11 The 2 cited studies enrolled large numbers of patients, both pediatric and adult. However, studies on adult patients in Asian countries found that only 10% 21 and 16% 14 had gastrointestinal symptoms. Moreover, the most common cause of anaphylaxis in the 2 cited studies on Asian adults was medication; insect stings and food, which were the leading causes of anaphylaxis in the European and Australian studies, 11, 20 were involved in only 2% of anaphylactic events. 14, 21 As our work was retrospective, it is possible that gastrointestinal manifestations went unnoticed. However, in contrast to previous suggestions that gastrointestinal 11 or cutaneous 7 symptoms were associated with hypotension, we could not find any significant association between the severity of the anaphylactic reaction and specific organ involvement. In terms of the severity of anaphylaxis, 42.0% of patients of the present study experienced severe reactions. Multiple logistic regression analysis revealed that the severity of anaphylactic reaction was significantly influenced by age; comorbidities including diabetes and hypertension; a past history of allergic disease; exposure to RCM, antibiotics, and wheat flour; and exercise, among specific causes. The severity of anaphylaxis had a significant impact on outcomes. Of patients with severe anaphylaxis, 31.4% required hospital admission, whereas only 5.1% of mild anaphylaxis patients were hospitalized, or needed prolonged admission, to manage their anaphylaxis. In addition, the severity grade was also associated with the frequency of use of epinephrine and systemic steroids. Patients with severe reactions more frequently took such drugs.
To date, drugs and insect stings have been shown to be the more common causes of anaphylaxis in adults, whereas food was the most common cause of anaphylaxis in childhood. 15, 22 In the present study, the main causes of anaphylaxis were drugs (46.6%; including 12.0% of patients exposed to RCM); foods (24.2%); insect stings (16.4%); and exercise (5.9%), in that order. These results are quite distinct from those of a recent study of anaphylaxis epidemiology in Korean children, wherein most cases were induced by unknown causes (61.7%), followed by food (24.9%) and medications (12.4%). 23 Common triggers of anaphylaxis may differ by geographical area and study design within a country. Three retrospective studies with anaphylaxis conducted in a single center in Korea also found that drugs, food, and stings were the most common causes of anaphylaxis, but in an order of frequency different from that found in the present work.
7,9,10 When we further analyzed the causes of anaphylaxis by patient age, we found that, in those less than 30 years of age, food (34.2%) was the most common trigger of anaphylaxis, whereas drugs were the prime cause in patients aged 31-50 years (34.0%) and also in those older than 51 years (36.3%). Among triggers of anaphylaxis, RCM and insect stings were rare in younger compared to middle-aged and older patients. In the present study, NSAIDs were the most common drugs triggering anaphylaxis, followed by RCM and antibiotics, Allergy Asthma Immunol Res. 2015 January;7(1):22-29. http://dx.doi.org/10.4168/aair.2015.7.1.22 consistent with findings of previous reports. 21, 24, 25 One-third of our study subjects were subjected to post-recovery allergen tests, such as skin tests, measurement of specific IgE levels in serum, and/or oral or bronchial provocation tests. Of all tested patients, 77.4% showed positive responses to the anaphylactic triggers. Of course, the results were explained to the patients, and this would help to reduce anaphylaxis recurrence. It is thus important not only to discover the risk factors for anaphylaxis but also to identify the exact cause of any anaphylactic episode, to alleviate the socioeconomic burden of the disease.
Few published reports have yet identified potential factors predicting the severity and outcomes of anaphylaxis in Asia. The results of the present study suggest that multi-organ involvement, older age, associated allergic diseases, and drug use, were all independent predictors of serious anaphylactic outcomes. This is consistent with the findings of a 5-year retrospective study in a community-based hospital in the United States, where involvement of multiple organ systems and nonsting allergens including medications and food, were associated with increased rates of hospitalization for anaphylaxis. 24 However, another study performed between 1991 and 1995 in the United Kingdom proposed that the risk of anaphylaxis-associated admission was substantially higher in females aged between 15 and 55 years. 22 In the present study, drug use and older age, regardless of gender, were risk factors for anaphylaxis-associated admission, and these findings are comparable to those of other studies conducted in Florida 26 and Australia. 27 Although the epidemiology of anaphylaxis may vary by ethnicity, socioeconomic status, population demographics, and the diagnostic criteria used, 3 the risk factors for anaphylaxis-associated hospitalization identified in the present work do not differ from those identified in Western countries.
In conclusion, the principal causes of anaphylaxis in Korean adults are drugs, food, and insect stings. The severity of anaphylactic reaction is dependent on age, the presence of comorbidities, and specific causes. Drug-associated anaphylaxis, multiorgan involvement, and older age, are independent predictors of serious outcomes.
